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FOREWORD 
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ABSTRACT 


Seven  idle -mode  firings  of  the  J-2S  rocket  engine  (S/N  J- 112-1) 
were  conducted  during  test  periods  J4-1902-05  through  J4-1902-07 
between  March  6  and  20,  1969,  in  Test  Cell  J-4  of  the  Large  Rocket 
Facility.  The  objectives  of  these  firings  were  to  determine  the  effect 
of  restricting  fuel  bypass  and  thrust  chamber  film  coolant  flows  on  fuel 
density  at  the  injector  and  idle -mode  performance.  Reduction  of  fuel 
bypass  flow  from  2  lbm/sec  to  zero  resulted  in  a  20-percent  reduction 
in  calculated  fuel  density  at  the  injector;  reduction  of  film  coolant  flow 
from  1  lbm/sec  to  zero  apparently  had  no  effect  on  calculated  density 
at  the  injector.  Essentially  no  performance  differences  were  noted  in 
engine  steady-state,  idle-mode  performance  because  of  reduction  of 
these  flows.  No  significant  engine  damage  was  sustained  on  any  of  the 
firings.  Total  accumulated  engine  idle-mode  firing  duration  was 
656. 5  sec. 
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SECTION  I 
INTRODUCTION 


Testing  of  the  Rocketdyne  J-2S  rocket  engine  using  an  S-IVB  battle¬ 
ship  stage  has  been  in  progress  since  December,  1968,  at  AEDC.  The 
seven  firings  reported  herein  were  idle-mode  tests  conducted  with  R  &  D 
engine  J-112-1  during  test  periods  J4-1902-05  through  -07  in  Propulsion 
Engine  Test  Cell  (J-4)  {Figs.  1  and  2,  Appendix  I)  of  the  Large  Rocket 
Facility  (LRF).  Pressure  altitudes  at  engine  start  ranged  from  73,  500 
to  100,  500  ft  (geometric  pressure  altitude,  Z,  Ref.  1). 

These  firings  were  accomplished  primarily  to  evaluate  the  effect  of 
restricting  fuel  bypass  and  film  coolant  flows  on  fuel  density  at  the  in¬ 
jector  and  on  idle-mode  performance.  These  engine  modifications  were 
tested  as  a  possible  solution  to  the  idle-mode  performance  and  opera¬ 
tion  deficiencies  encountered  with  R  &  D  engine  J-lll-A  on  test  periods 
J4-1902-01  through  -04  (Ref.  2).  The  deficiencies  were  attributed  to 
the  much  higher  fuel  density  at  the  injector  at  altitude  than  for  sea-level 
conditions  and  resulted  in  severe  thrust  chamber  damage  on  firing  04A. 
Data  collected  for  evaluating  engine  idle -mode  performance  and  opera¬ 
tion  are  presented  herein. 


SECTION  II 
APPARATUS 


2.1  TEST  ARTICLE 

The  test  article  was  a  J-2S  rocket  engine  (Fig.  3)  designed  and 
developed  by  Rocketdyne  Division  of  North  American  Rockwell  Corpora¬ 
tion.  The  engine  uses  liquid  oxygen  and  liquid  hydrogen  as  propellants 
and  is  designed  to  operate  either  in  idle  mode  at  a  nominal  thrust  of 
5000  lbf  and  mixture  ratio  of  2.  5  or  at  main  stage  at  any  precalibrated 
thrust  level  between  230,  000  and  265,  000  lbf  at  a  mixture  ratio  of  5.  5. 
The  engine  design  is  capable  of  transition  from  idle-mode  to  main- 
stage  operation  after  a  minimum  of  1-sec  idle  mode;  from  main  stage 
the  engine  can  either  be  shut  down  or  make  a  transition  back  to  idle- 
mode  operation  before  shutdown.  An  S-IVB  battleship  stage  was  used 
to  supply  propellants  to  the  engine.  A  schematic  of  the  battleship  stage 
is  presented  in  Fig.  4. 

Listings  of  major  engine  components  and  engine  orifices  for  this 
test  period  are  presented  in  Tables  I  and  II,  respectively  (Appendix  II). 


1 


AEDC-TR-69-1 89 


All  engine  modifications  and  component  replacements  performed  during 
this  report  period  are  presented  in  Tables  III  and  IV,  respectively. 

2.1.1  J-2S  Rocket  Engine 

The  J-2S  rocket  engine  (Figs.  3  and  5  and  Ref.  3)  features  the 
following  major  components: 

1.  Thrust  Chamber  -  The  tubular -walled,  bell-shaped  thrust 
chamber  consists  of  an  18.  6 -in.  -diam  combustion  cham¬ 
ber  with  a  throat  diameter  of  12.  192  in. ,  a  characteristic 
length  (L*)  of  35. 4,  and  a  divergent  nozzle  with  an  expan¬ 
sion  ratio  of  39.  62.  Thrust  chamber  length  (from  the 
injector  flange  to  the  nozzle  exit)  is  108.  6  in.  Cooling  is 
accomplished  by  the  circulation  of  engine  fuel  flow  down¬ 
ward  from  the  fuel  manifold  through  180  tubes  and  then 
upward  through  360  tubes  to  the  injector  and  by  film  cooling 
inside  the  combustion  chamber. 

2.  Thrust  Chamber  Injector  -  The  injector  is  a  concentric - 
orificed  (concentric  fuel  orifices  around  the  oxidizer  post 
orifices),  porous-faced  injector.  Fuel  and  oxidizer  in¬ 
jector  orifice  areas  are  19.  2  and  5.  9  in.2,  respectively. 

The  oxidizer  portion  is  compartmentalized,  the  outer 
compartment  supplying  oxidizer  during  main-stage  opera¬ 
tion  only.  The  porous  material,  forming  the  injector  face, 
allows  approximately  3.5  percent  of  main-stage  fuel  flow 
to  transpiration  cool  the  face  of  the  injector. 

3.  Augmented  Spark  Igniter  -  The  augmented  spark  igniter 
unit  is  mounted  on  the  thrust  chamber  injector  and  sup¬ 
plies  the  initial  energy  source  to  ignite  propellants  in  the 
main  combustion  chamber.  The  augmented  spark  igniter 
chamber  is  an  integral  part  of  the  thrust  chamber  injector. 
Fuel  and  oxidizer  are  ignited  in  the  combustion  area  by 
two  spark  plugs. 

4.  Fuel  Turbopump  -  The  fuel  turbopump  is  a  one  and  one -half 
stage,  centrifugal-flow  unit,  powered  by  a  direct -drive, 
two-stage  turbine.  The  pump  is  self -lubricated  and  nomi¬ 
nally  produces,  at  the  265,  000-lbf-thrust  rated  condition,  a 
head  rise  of  60,  300  ft  of  liquid  hydrogen  at  a  flow  rate  of 
9750  gpm  for  a  rotor  speed  of  29,  800  rpm. 

5.  Oxidizer  Turbopump  -  The  oxidizer  turbopump  is  a  single- 
stage,  centrifugal-flow  unit,  powered  by  a  direct -drive, 
two-stage  turbine.  The  pump  is  self-lubricated  and  nominally 
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produces,  at  the  265,  000-lbf-thrust  rated  condition,  a 
head  rise  of  3250  ft  of  liquid  oxygen  at  a  flow  rate  of 
3310  gpm  for  a  rotor  speed  of  10,  500  rpm. 

6.  Propellant  Utilization  Valve  -  The  motor -driven  propel¬ 
lant  utilization  valve  is  a  sleeve-type  valve  which  is 
mounted  on  the  oxidizer  turbopump  and  bypasses  liquid 
oxygen  from  the  discharge  to  the  inlet  side  of  the  pump  to 
vary  engine  mixture  ratio. 

7.  Main  Oxidizer  Valve  -  The  main  oxidizer  valve  is  a 
pneumatically  actuated,  two -stage,  butterfly-type  valve 
located  in  the  oxidizer  high-pressure  duct  between  the 
turbopump  and  the  injector.  The  first-stage  actuator 
positions  the  main  oxidizer  valve  at  the  12 -deg  position 
to  obtain  initial  main-stage-phase  operation;  the  second- 
stage  actuator  ramps  the  main  oxidizer  valve  full  open  to 
accelerate  the  engine  to  the  main-stage  operating  level. 

8.  Main  Fuel  Valve  -  The  main  fuel  valve  is  a  pneumatically 
actuated  butterfly-type  valve  located  in  the  fuel  high- 
pressure  duct  between  the  turbopump  and  the  fuel  manifold. 

9.  Pneumatic  Control  Package  -  The  pneumatic  control 
package  controls  all  pneumatically  operated  engine  valves 
and  purges. 

10.  Electrical  Control  Assembly  -  The  electrical  control 
assembly  provides  the  electrical  logic  required  for 
proper  sequencing  of  engine  components  during  operation. 
The  logic  requires  a  minimum  of  1-sec  idle -mode  opera¬ 
tion  before  transition  to  main  stage. 

11.  Flight  Instrumentation  Package  -  The  instrumentation 
package  contains  sensors  required  to  monitor  critical 
engine  parameters.  The  package  provides  environmental 
control  for  the  sensors. 

12.  Helium  Tank  -  The  helium  tank  has  a  volume  of  4000  in. 3 
and  provides  a  helium  pressure  supply  to  the  engine 
pneumatic  control  system  for  three  complete  engine 
operational  cycles. 

13.  Thrust  Chamber  Bypass  Valve  -  The  thrust  chamber  by¬ 
pass  valve  is  a  pneumatically  operated,  normally  open, 
butterfly -type  valve  which  allows  fuel  to  bypass  the  thrust 
chamber  body  during  idle -mode  operation. 

14.  Idle -Mode  Valve  -  The  idle -mode  valve  is  a  pneumatically 
operated  ball-type  valve  which  supplies  liquid  oxygen  to 
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the  idle-mode  compartment  of  the  thrust  chamber  in¬ 
jector  during  both  idle-mode  and  main-stage  operation. 

15.  Hot  Gas  Tapoff  Valve  -  The  hot  gas  tapoff  valve  is  a 
pneumatically  operated  butterfly-type  valve  which  pro¬ 
vides  on-off  control  of  combustion  chamber  gases  to 
drive  the  propellant  turbopumps. 

16.  Solid-Propellant  Turbine  Starter  -  The  solid -propellant 
turbine  starter  provides  the  initial  driving  energy 
(transition  to  main  stage)  for  the  propellant  turbopumps 
to  prime  the  propellant  feed  systems  and  accelerate  the 
turbopumps  to  75  percent  of  their  main- stage  operating 
level.  A  three-start  capability  is  provided. 

2.1.2  S-IYB  Battleship  Stage 

The  S-IVB  battleship  stage,  which  is  mechanically  configured  to 
simulate  the  S-IVB  flightweight  vehicle,  is  approximately  22  ft  in  diam¬ 
eter  and  49  ft  long  and  has  a  maximum  usable  propellant  capacity  of 
43,  000  lb  of  liquid  hydrogen  and  194,  000  lb  of  liquid  oxygen.  The  pro¬ 
pellant  tanks,  fuel  above  oxidizer,  are  separated  by  a  common  bulkhead. 
Propellant  prevalves,  in  the  low-pressure  ducts  (external  to  the  tanks) 
interfacing  the  stage  and  engine,  retain  propellants  in  the  stage  until 
being  admitted  into  the  engine  to  the  main  propellant  valves  and  serve 
as  emergency  engine  shutoff  valves.  Vent  and  relief  valve  systems  are 
provided  for  both  propellant  tanks . 

Pressurization  of  the  fuel  and  oxidizer  tanks  was  accomplished  by 
facility  systems  using  hydrogen  and  helium,  respectively,  as  the  pres¬ 
surizing  gases.  The  engine-supplied  gaseous  hydrogen  and  gaseous 
oxygen  for  fuel  and  oxidizer  tank  pressurization  during  flight  were 
routed  to  the  respective  facility  venting  systems. 


2.2  TEST  CELL 

Propulsion  Engine  Test  Cell  J-4,  Fig.  2,  is  a  vertically  oriented 
test  unit  designed  for  static  testing  of  liquid -propellant  rocket  engines 
and  propulsion  systems  at  pressure  altitudes  of  100,  000  ft.  The  basic 
cell  construction  provides  a  1.  5-million-lbf-thrust  capacity.  The  cell 
consists  of  four  major  components:  (1)  test  capsule,  48  ft  in  diameter 
and  82  ft  in  height,  situated  at  grade  level  and  containing  the  test  article; 
(2)  spray  chamber,  100  ft  in  diameter  and  250  ft  in  depth,  located 
directly  beneath  the  test  capsule  to  provide  exhaust  gas  cooling  and 
dehumidification;  (3)  coolant  water,  steam,  nitrogen  (gaseous  and  liquid). 
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hydrogen  (gaseous  and  liquid),  and  liquid-oxygen  and  gaseous-helium 
storage  and  delivery  systems  for  operation  of  the  cell  and  test  article; 
and  (4)  control  building,  containing  test  article  controls,  test  cell  con¬ 
trols,  and  data  acquisition  equipment.  Exhaust  machinery  is  connected 
with  the  spray  chamber  and  maintains  a  minimum  test  cell  pressure 
before  and  after  the  engine  firing  and  exhausts  the  products  of  combus¬ 
tion  from  the  engine  firing.  Before  a  firing,  the  facility  steam  ejector, 
in  series  with  the  exhaust  machinery,  provides  a  pressure  altitude  of 
100,  000  ft  in  the  test  capsule.  A  detailed  description  of  the  test  cell  is 
presented  in  Ref.  4. 

The  battleship  stage  and  the  J-2S  engine  were  oriented  vertically 
downward  on  the  centerline  of  the  diffuser-steam  ejector  assembly. 

This  assembly  consisted  of  a  diffuser  duct  (20  ft  in  diameter  by  150  ft 
in  length),  a  centerbodj'  steam  ejector  within  the  diffuser  duct,  a  dif¬ 
fuser  insert  (13.  5  ft  in  diameter  by  30  ft  in  length)  at  the  inlet  to  the 
diffuser  duct,  and  a  gaseous-nitrogen  annular  ejector  above  the  diffuser 
insert.  The  diffuser  insert  was  provided  for  dynamic  pressure  re¬ 
covery  of  the  engine  exhaust  gases  and  to  maintain  engine  ambient  pres  - 
sure  altitude  (attained  by  the  steam  ejector)  during  the  engine  firing. 

The  annular  ejector  was  provided  to  suppress  steam  recirculation  into 
the  test  capsule  during  steam  ejector  shutdown.  The  test  cell  was  also 
equipped  with  (1)  a  gaseous-nitrogen  purge  system  for  continuously 
inerting  the  normal  air  in-leakage  of  the  cell;  (2)  a  gaseous-nitrogen 
repressurization  system  for  raising  test  cell  pressure,  after  engine 
cutoff,  to  a  level  equal  to  spray  chamber  pressure  and  for  rapid 
emergency  inerting  of  the  capsule;  and  (3)  a  spray  chamber  liquid- 
nitrogen  supply  and  distribution  manifold  for  initially  inerting  the  spray 
chamber  and  exhaust  ducting  and  for  increasing  the  molecular  weight  of 
the  hydrogen-rich  exhaust  products. 


2.3  INSTRUMENTATION 

Instrumentation  systems  were  provided  to  measure  engine,  stage, 
and  facility  parameters.  The  engine  instrumentation  was  comprised  of 
( 1)  flight  instrumentation  for  the  measurement  of  critical  engine  param¬ 
eters  and  (2)  facility  instrumentation  which  was  provided  to  verify  the 
flight  instrumentation  and  to  measure  additional  engine  parameters. 

The  flight  instrumentation  was  provided  and  calibrated  by  the  engine 
manufacturer;  facility  instrumentation1  was  initially  calibrated  and 
periodically  recalibrated  at  AEDC.  Appendix  III  contains  a  list  of  all 
measured  engine  test  parameters  and  the  locations  of  selected  sensing 
points . 
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Pressure  measurements  were  made  using  strain-gage  and 
capacitance -type  pressure  transducers.  Temperature  measurements 
were  made  using  resistance  temperature  transducers  and  thermocouples. 
Oxidizer  and  fuel  turbopump  shaft  speeds  were  sensed  by  magnetic  pick¬ 
up.  Fuel  and  oxidizer  flow  rates  to  the  engine  were  measured  by 
turbine -type  flowmeters  which  are  an  integral  part  of  the  engine.  The 
thrust  chamber  bypass  flow  was  measured  by  a  turbine -type  flowmeter 
which  was  installed  in  a  specially  fabricated  bypass  duct.  Vibrations 
were  measured  by  accelerometers  mounted  on  the  oxidizer  injector 
dome,  the  thrust,  the  chamber  throat,  and  the  turbopumps.  Primary 
engine  and  stage  valves  were  instrumented  with  linear  potentiometers 
and  limit  switches. 

The  data  acquisition  systems  were  calibrated  by  (1)  precision  elec¬ 
trical  shunt  resistance  substitution  for  the  pressure  transducers  and 
resistance  temperature  transducer  units;  (2)  voltage  substitution  for 
the  thermocouples;  (3)  frequency  substitution  for  shaft  speeds  and  flow¬ 
meters;  and  (4)  frequency -voltage  substitution  for  accelerometers  and 
the  capacitance -type  pressure  transducer. 

The  types  of  data  acquisition  and  recording  systems  used  during 
this  test  period  were  { 1)  a  multiple -input  digital  data  acquisition  system 
scanning  each  parameter  at  50  samples  per  second  and  recording  on 
magnetic  tape;  (2)  single-input,  continuous -recording  FM  systems  re¬ 
cording  on  magnetic  tape;  (3)  photographically  recording  galvanometer 
oscillographs;  (4)  direct -inking,  null-balance,  potentiometer -type  X-Y 
plotters  and  strip  charts;  and  (5)  optical  data  recorders.  Applicable 
systems  were  calibrated  before  each  test  .(atmospheric  and  altitude  cali¬ 
brations).  Television  cameras,  in  conjunction  with  video  tape  recorders, 
were  used  to  provide  visual  coverage  during  an  engine  firing,  as  well  as 
for  replay  capability  for  immediate  examination  of  unexpected  events. 


2.4  CONTROLS 

Control  of  the  J-2S  engine,  battleship  stage,  and  test  cell  systems 
during  the  terminal  countdown  was  provided  from  the  test  cell  control 
room.  A  facility  control  logic  network  was  provided  to  interconnect 
the  engine  control  system,  major  stage  systems,  the  engine  safety-cut  - 
off  system,  the  observer  cutoff  circuits,  and  the  countdown  sequencer. 
A  schematic  of  the  engine  start  control  logic  is  presented  in  Fig.  6. 

The  sequence  of  engine  events  for  start  and  shutdown  is  presented  in 
Figs.  7a  and  b. 
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SECTION  III 
PROCEDURE 


Preoperational  procedures  were  begun  several  hours  before  the 
test  period.  All  consumable  storage  systems  were  replenished;  and 
engine  inspections,  leak  checks,  and  drying  procedures  were  conducted. 
Propellant  tank  pressurants  and  engine  pneumatic  and  purge  gas  samples 
were  taken  to  ensure  that  specification  requirements  were  met.  Chem¬ 
ical  analysis  of  propellants  was  provided  by  the  propellant  suppliers. 
Facility  sequence,  engine  sequence,  and  engine  abort  checks  were  con¬ 
ducted  within  a  24-hr  time  period  before  an  engine  firing  to  verify  the 
proper  sequence  of  events.  Facility  and  engine  sequence  checks  con¬ 
sisted  of  verifying  the  timing  of  valves  and  events  to  be.  within  specified 
limits;  the  abort  checks  consisted  of  electrically  simulating  engine  mal¬ 
functions  to  verify  the  occurrence  of  an  automatic  engine  cutoff  signal. 

A  final  engine  sequence  check  was  conducted  immediately  preceding  the 
test  period. 

Oxidizer  dome  and  thrust  chamber  jacket  purges  were  initiated  be¬ 
fore  evacuating  the  test  cell.  After  completion  of  instrumentation  cali¬ 
brations  at  atmospheric  conditions,  the  test  cell  was  evacuated  to 
approximately  0.5  psia  with  the  exhaust  machinery,  and  instrumentation 
calibrations  at  altitude  conditions  were  conducted.  Immediately  before 
loading  propellants  on  board  the  vehicle,  the  cell  and  exhaust -ducting 
atmosphere  was  inerted.  At  this  same  time,  the  cell  nitrogen  purge 
was  initiated  for  the  duration  of  the  test  period.  The  vehicle  propellant 
tanks  were  then  loaded,  and  the  remainder  of  the  terminal  countdown 
was  conducted.  Table  V  presents  the  engine  purges  during  the  terminal 
countdown  and  immediately  following  the  engine  firing. 


SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  GENERAL 

Firing  J4-1902-04  with  R  &.  D  engine  J-lll-A  sustained  major  engine 
damage  to  the  combustion  chamber  caused  by  high  combustion  pressure 
perturbations.  Analysis  of  test  data  indicates  that  these  pressure  per¬ 
turbations  were  caused  by  detonations  of  unburned  oxidizer-fuel  mixtures 
on  the  internal  chamber  wall.  These  unburned  mixtures  were  believed 
to  have  been  caused  by  lower  than  expected  fuel  injection  temperatures 
resulting  from  the  higher  than  expected  fuel  density  at  the  injector  and 
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increased  total  fuel  flow  rate.  These  conditions  are  attributed  to  the 
reduction  in  external  heat  transfer  to  the  hydrogen  flowing  through  the 
thrust  chamber  tubes  at  altitude  conditions.  The  objectives  of  these 
firings  were  to  determine  the  effect  of  restricting  fuel  bypass  and  thrust 
chamber  film  coolant  flows  on  fuel  density  at  the  injector.  Restricting 
fuel  bypass  and  film  coolant  flows  at  simulated  altitude  conditions  was 
proposed  to  force  a  larger  percentage  of  the  fuel  flow  through  the  thrust 
chamber  tubes  where  heat  addition  to  the  flow'  would  cause  a  reduction 
in  fuel  density  at  the  injector  and  a  reduction  in  total  fuel  flow.  The 
tests  reported  herein  were  accomplished  with  restricted  fuel  bypass  and 
film  coolant  flows  to  determine  if  such  modifications  were  solutions  to 
the  idle -mode  operational  deficiencies  at  altitude  conditions. 


4.2  TEST  SUMMARY 

Seven  firings  of  the  Rocketdyne  J-2S  rocket  engine  (S/N  J-112-1) 
were  conducted  between  March  6  and  20,  1969,  during  test  periods 
J4-1902-05  through  J4-1902-07.  Test  requirements  and  specific  test 
results  are  summarized  in  Table  VI.  Start  and  shutdown  transient  oper¬ 
ating  times  for  selected  engine  valves  are  presented  in  Table  VII.  Engine 
idle -mode  performance  for  these  firings  is  presented  in  Table  VIII. 
Figure  8  shows  engine  start  conditions  for  propellant  pump  inlets  and 
the  helium  tank.  Engine  ambient  and  combustion  chamber  pressures, 
fuel  system  chilldown  data,  and  propellant  system  performance  are  pre¬ 
sented  in  Figs.  9  through  29,  respectively.  Accumulated  idle-mode 
firing  duration  for  these  three  test  periods  wras  656.  5  sec.  Data  pre¬ 
sented  herein  are  from  the  digital  data  acquisition  system  except  where 
indicated  otherwise.  Specific  test  objectives  and  a  brief  summary  of 
results  obtained  for  each  firing  are  presented  in  the  following  sections. 
Primary  test  variables  and  results  are  summarized  in  the  following 
table. 
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35 
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4.2.1  Firing  J4-1902-05A 


The  objective  of  this  firing  was  to  determine  the  effect  of  reduced 
fuel  bypass  and  thrust  chamber  film  coolant  flow  rates  on  fuel  density 
at  the  injector  and  idle -mode  performance  with  nominal  pump  inlet  pres¬ 
sures  (39-psia  oxidizer  and  33-psia  fuel). 

The  bypass  flow  was  reduced  from  an  estimated  70  percent  of  total 
fuel  flow  experienced  on  previous  firings  w'ith  engine  S/N  J-lll-A  to 
approximately  22  percent  (2  lbm/sec  for  this  firing).  Film  coolant  flow 
was  reduced  from  an  estimated  15  percent  of  total  fuel  flow  to  10  per¬ 
cent  (0.  9  lbm/sec  for  this  firing).  This  reduction  in  film  coolant  and 
thrust  chamber  fuel  bypass  flow  resulted  in  an  average  calculated 
steady-state  fuel  density  of  0.  37  lbm/ft^  at  the  injector.  This  was  only 
approximately  5  percent  lower  than  for  firing  J4-1902-03B  (Ref.  2) 
which  had  similar  pump  inlet  pressures.  No  significant  increase  in 
idle -mode  performance  was  experienced. 

4.2.2  Firing  J4-1902-05B 

The  objectives  of  this  firing  were  to  determine  the  effect  of  low  fuel 
pump  inlet  pressure  (30  psia)  and  maximum  oxidizer  pump  inlet  pres¬ 
sure  (45  psia)  on  fuel  density  at  the  injector  and  on  idle-mode  perform¬ 
ance. 

These  pump  inlet  conditions  resulted  in  calculated  fuel  density  at 
the  injector  of  approximately  0.  22  lbm/ft3  (40-percent  reduction  as  com¬ 
pared  to  firing  05A)  and  no  significant  change  in  idle-mode  performance. 

4.2.3  Firing  J4-1902-06A 

The  objective  of  this  firing  was  to  determine  the  effect  of  further 
reduced  thrust  chamber  film  coolant  flow  on  fuel  density  at  the  injector 
and  idle -mode  performance  with  nominal  pump  inlet  conditions. 

Film  coolant  flow  was  reduced  to  approximately  0.  1  lbm/sec.  How¬ 
ever,  this  reduction  did  not  have  a  significant  effect  on  fuel  density  at 
the  injector  or  on  idle-mode  performance. 

4.2.4  Firing  J4.1092-C6B 

The  objective  of  this  firing  was  to  determine  the  effect  of  zero  by¬ 
pass  flow  on  fuel  density  at  the  injector  and  idle -mode  performance. 

Although  the  thrust  chamber  fuel  bypass  valve  was  fully  closed  for 
this  firing,  leakage  through  the  valve  produced  approximately  the  same 
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flow  rate  as  on  firing  06A.  No  significant  change  in  fuel  density  at  the 
injector  or  in  idle-mode  performance  was  noted  for  this  firing. 

4.2.5  Firing  J4-1902-07A 

The  objective  of  this  firing  was  to  determine  the  effect  of  zero  fuel 
bypass  and  thrust  chamber  film  coolant  flow  on  fuel  density  at  the  in¬ 
jector  and  idle-mode  performance  with  nominal  pump  inlet  pressures. 

Fuel  density  at  the  injector  was  0.  31  lbm/sec  (16-percent  reduc¬ 
tion  when  compared  to  firing  05A).  No  significant  change  in  engine  idle¬ 
mode  performance  was  noted  with  these  test  conditions. 

4.2.6  Firing  J4-1902-07B 

The  objective  of  this  firing  was  to  determine  the  effect  of  zero  fuel 
bypass  and  thrust  chamber  film  coolant  flow  on  fuel  density  at  the  in¬ 
jector  and  idle-mode  performance  with  high  oxidizer  pump  inlet  pres¬ 
sure  (45  psia)  and  low  fuel  pump  inlet  pressure  (27  psia). 

Fuel  density  at  the  injector  calculated  during  steady-state  operation 
averaged  0.  16  lbm/ft3.  This  was  within  the  range  of  fuel  density  at  the 
injector  experienced  on  sea-level,  idle-mode  firings  conducted  by  the 
engine  manufacturer.  This  was  a  48-percent  reduction  as  compared  to 
firing  07A.  No  significant  change  in  engine  idle -mode  performance  was 
noted  with  these  test  conditions. 

4.27  Firing  J4-1902-07C 

The  objective  of  this  firing  was  to  determine  the  effect  of  zero  fuel 
bypass  and  thrust  chamber  film  coolant  flow  on  fuel  density  at  the  in¬ 
jector  and  idle-mode  performance  with  reduced  oxidizer  pump  inlet 
pressure  (30  psia)  and  nominal  fuel  pump  inlet  pressure  (33  psia). 

Fuel  density  at  the  injector  was  approximately  0.  34  lbm/ft3 
(10-percent  increase  as  compared  to  firing  07A).  Characteristic  velocity 
was  3640  ft/sec  (24  percent  higher  than  on  firing  07A). 


4.3  FUEL  DENSITY  AT  THE  INJECTOR 

Fuel  density  at  the  injector,  estimated  by  the  method  of  calculation 
presented  in  Appendix  IV,  ranged  from  0.  16  to  0.  43  lbm/ft3  during  idle 
mode,  steady  state.  These  densities  represent  a  range  in  hydrogen 
quality  from  70  to  24  percent  (quality  is  defined  as  the  ratio  of  the  mass 
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of  vapor  to  the  total  mass).  Figure  30  shows  fuel  density  at  the  injector 
as  a  function  of  fuel  injector  flow  rate.  Although  fuel  density  is  directly 
proportional  to  flow  squared,  this  relation  may  be  approximated  as 
directly  proportional  to  flow  (0.  055  lbm/ft3  per  lbm/sec)  in  the  5-  to 
10-lbm/sec  flow  regime.  For  the  same  flow  regime,  Fig.  31  indicates 
that  fuel  injector  flow  rate  can  be  approximated  as  directly  proportional 
to  fuel  pump  inlet  pressure  (0.  69  lbm/sec  per  psia)  for  a  given  fuel  sys¬ 
tem  flow  configuration.  Combining  these  data  indicates  a  0.  038  lbm/ft3 
density  reduction  with  a  1-psia  fuel  pump  inlet  pressure  reduction  in 
the  5-  to  10-lbm/sec  fuel  flow  regime. 

The  primary  objective  of  this  test  series  was  to  evaluate  the  effect 
of  restricting  fuel  bypass  and  film  coolant  flows  on  idle-mode  fuel 
density  at  the  injector.  Orificing  of  these  flows  (summarized  for  each 
test  period  in  Table  II)  yielded  the  following  nominal  flow  rates: 


Test 

Bypass,  lbm/sec 

Film  Coolant, 
lbm/sec 

05 

2 

1 

06 

2 

0.  1 

07 

0 

0 

The  effects  of  restricting  these  fuel  flows  on  fuel  injector  flow  rate  are 
also  presented  in  Fig.  31.  (Fuel  injector  flow  is  the  sum  of  thrust  cham¬ 
ber  and  bypass  flow  minus  film  coolant  flow).  The  limited  number  of 
data  points  presented  in  Fig.  31  indicates  that  a  reduction  in  bypass  flow 
from  2  lbm/sec  to  zero  results  in  approximately  a  13-percent  reduction 
in  fuel  injector  flow.  From  Fig.  30  it  can  be  seen  that  a  13-percent  re¬ 
duction  in  fuel  injector  flow  results  in  approximately  a  20-percent  re¬ 
duction  in  fuel  density  at  the  injector.  Film  coolant  flow  reduction  from 
1  lbm/sec  to  zero  apparently  hac  a  negligible  effect  on  fuel  density  at  the 
injector. 

The  effect  of  oxidizer  flow  rate  on  fuel  density  at  the  injector  can 
be  seen  by  comparison  of  firings  07A  and  07C.  Test  conditions  for  07C 
were  the  same  as  for  07A,  except  for  reduced  oxidizer  pump  inlet  pres¬ 
sure.  The  results  are  summarized  as  follows: 


07A 

07C 

Oxidizer  flow-,  lbm/sec 

14.  9 

CO 

-0 

Fuel  flow',  lbm/sec 

CO 

8.  9 

Chamber  pressure,  psia 

18.  1 

17.  9 

Fuel  density,  lbm/sec 

0.  31 

0.  34 

These  data  show-  that  the  reduction  in  oxidizer  flow'  on  07C  did  not  have 
a  significant  effect  on  fuel  density  at  the  injector.  The  decrease  in 
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oxidizer  flow  apparently  did  not  change  the  combustion  heat  release  be¬ 
cause  no  significant  change  in  chamber  pressure  occurred.  Also,  be¬ 
cause  of  the  injector  design,  approximately  90  percent  of  the  total  fuel 
enters  the  combustion  chamber  outside  of  the  idle-mode  compartment, 
most  of  which  serves  as  film  coolant.  Variations  in  oxidizer  flow  rate 
with  pump  inlet  pressure  are  shown  in  Fig.  32. 

Minimum  fuel  density  at  the  injector  of  0.  16  lbm/ft3  on  firing  07B 
was  realized  with  zero  bypass  and  film  coolant  flows  and  minimum  fuel 
pump  inlet  pressure.  This  density  value  wras  within  the  0.  12-  to 
0.  18-lbm/sec  range  encountered  during  sea-level  tests  and  targeted  for 
this  test  series.  However,  the  desired  injection  density  was  not  attain¬ 
able  for  any  other  engine  idle -mode  model  specifications  (Ref.  5)  start¬ 
ing  conditions  tested.  Furthermore,  engine  modifications  would  be  re¬ 
quired  to  permit  transition  to  mainstage  from  idle-mode  operation  with 
zero  bypass  and  film  coolant  flows. 


4.4  IDLE-MODE  OPERATION 


4.4.1  Transient  Performance 


Transient  idle -mode  operation  was  observed  to  exist  until  engine 
components  attained  near  thermal  equilibrium  (Figs.  9  through  29). 
During  this  transient  period,  main  chamber  pressure  oscillations  were 
observed  until  fuel  at  the  injector  reached  saturated  conditions.  These 
pscillations  were  of  larger  amplitude  on  firings  with  reduced  steady- 
state  fuel  flow  (reduced  steady-state  fuel  density  at  the  injector,  see 
Section  4.  3).  These  firings  with  reduced  fuel  flow  also  required  longer 
run  durations  to  attain  saturated  conditions  at  the  fuel  injector  (see 
Fig.  33;  note  that  data  points  from  firings  06A  and  OTA  have  been 
omitted  from  this  figure  because  of  abnormal  chilldown  rates  resulting 
from  abnormal  test  cell  conditions). 

4.4.2  Steady-State  Performance 

Engine  steady-state,  idle -mode  performance,  calculated  by  the 
methods  presented  in  Appendix  III,  is  summarized  in  Table  VIII.  These 
data  are  averaged  for  ±0.  5  sec  at  the  indicated  times.  A  time-history 
of  selected  parameters  from  this  table,  grouped  by  similar  pump  inlet 
pressures,  is  presented  in  Fig.  34  to  show  the  effects  of  restricting 
bypass  and  film  coolant  flow  on  engine  performance.  These  data  indi¬ 
cate  a  lower  thrust,  but  higher  specific  impulse  and  characteristic 
velocity,  with  reduced  bypass  and  film  coolant  flows  at  the  beginning 
of  the  steady-state  period,  diminishing  to  essentially  no  performance 
differences  by  engine  cutoff. 
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The  effect  of  pump  inlet  pressures  on  idle-mode,  steady-state  per¬ 
formance  can  be  seen  by  comparison  of  data  from  Table  VIII  (Fig.  34). 

For  the  four  firings  with  nominal  pump  inlet  pressures  of  39-psia 
oxidizer  and  33-psia  fuel  (firings  05A,  06A,  06B,  and  07A),  character¬ 
istic  velocity  averaged  2,  850  ±  100  ft/sec  and  engine  oxidizer-to-fuel 
mixture  ratio  averaged  1.  6  ±  0.  1.  For  the  two  firings  which  were  con¬ 
ducted  with  high  oxidizer  pump  inlet  pres  sure  of  43  psia  and  low  fuel 
pump  inlet  pressures  of  27  to  29  psia  (firings  05B  and  07B),  character¬ 
istic  velocity  averaged  2,  975  ±  35  ft/sec  (less  than  5-percent  increase 
as  compared  to  nominal  pump  inlet  conditions),  and  engine  oxidizer-to- 
fuel  mixture  ratio  averaged  2.  6  ±  0.  3.  For  the  one  firing  with  low 
oxidizer  pump  inlet  pressure  of  30  psia  and  nominal  fuel  pump  inlet 
pressure  of  33  psia  (firing  07C),  characteristic  velocity  was  3,640  ft/sec 
with  a  mixture  ratio  of  1.  1.  This  was  the  only  firing  that  showed  a  signif¬ 
icant  increase  in  performance  with  a  change  in  pump  inlet  pressures 
(characteristic  velocity  was  28  percent  higher  than  the  average  for  firings 
with  nominal  pump  inlet  pressures). 


4.5  ENGINE-GENERATED  SIDE  LOADS 

Engine -generated  side  loads  were  measured  for  all  firings,  and 
these  data  are  presented  in  Fig.  35.  The  indicated  levels  before  engine 
start  resulted  from  tare  loads  caused  by  engine  propellant  supply  line 
pressures  and  temperatures.  These  data  indicate  no  significant  side 
load  forces  were  experienced  during  idle -mode  operation.  These  loads 
were  less  than  1,  000  lbf  above  the  prefire  tare  level  for  all  firings. 


SECTION  V 

SUMMARY  OF  RESULTS 


The  results  of  the  seven  idle-mode  firings  of  the  J-2S  rocket  engine 
S/N  J-112-1  during  test  periods  J4-1902-05  through  J4-1902-07  between 
March  6  and  20,  1969,  are  summarized  as  follows: 

1.  The  desired  fuel  density  at  the  injector  (0.  12  to 

0.  18  lbm/ft3)  was  not  obtained  for  all  engine  operating 
conditions  tested.  Steady-state  idle-mode  fuel  density 
at  the  injector  for  these  firings  was  calculated  to  range 
from  0.  16  to  0.43  lbm/ft3.  The  minimum  density  was 
obtained  with  zero  thrust  chamber  film  coolant  and  fuel 
bypass  flows  and  with  minimum  fuel  pump  inlet  pressure 
(27  psia). 
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2.  Fuel  density  at  the  injector  was  approximately  directly 
proportional  to  fuel  injector  flow  rates,  and  fuel  in¬ 
jector  flow  rate  was  approximately  directly  proportional 
to  fuel  pump  inlet  pressure  in  the  5-  to  10-lbm/sec  flow 
regime  tested. 

3.  Reduction  of  fuel  bypass  flow  from  2  lbm/sec  to  zero 
produced  approximately  a  20-percent  reduction  of  fuel 
density  at  the  injector.  Reduction  of  film  coolant  flow 
from  1  lbm/sec  to  zero  apparently  had  a  negligible  effect 
on  fuel  density  at  the  injector. 

4.  Main  chamber  pressure  oscillations  measured  during 
transient  idle-mode  operation  were  of  larger  amplitude 
and  longer  duration  on  firings  with  reduced  fuel  injector 
flow  rates. 

5.  No  significant  side  load  forces  were  experienced  during 
idle-mode  operation  (less  than  1000  lbf). 

6.  Restriction  of  fuel  bypass  and  film  coolant  flows  had  no 
significant  effect  on  engine  steady-state,  idle-mode  per¬ 
formance.  The  only  firing  which  showed  any  significant 
increase  in  performance  (firing  07C)  utilized  low  oxidizer 
and  nominal  fuel  pump  inlet  pressures. 

7.  No  significant  engine  damage  was  sustained  on  any  of 
these  firings. 
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a.  Thrust  Chamber 
Fig.  5  Engine  Details 
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b.  Combustion  Chamber 
Fig.  5  Continued 
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b.  Fuel  Injector  Temperature,  TFJ-2P 
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c.  Thrust  Chamber  Chilldown 
Fig.  10  Fuel  System  Chilldown,  Firing  05A 
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b.  Pump  Inlet  and  Combustion  Chamber  Pressures 
Fig.  11  Propellant  System  Performance,  Firing  05A 
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b.  Pump  Inlet  and  Combustion  Chamber  Pressures 
Fig.  14  Propellant  System  Performance,  Firing  05B 
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Fig.  15  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  06A 
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a.  Fuel  Conditions  at  Injector,  °F  (Superheat) 


c.  Thrust  Chamber  Chilldown 
Fig.  16  Fuel  System  Chilldown,  Firing  06A 
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Fig.  17  Propellant  System  Performance,  Firing  06A 


100 


0 


4' 


CHAMBER  PRESSURE.  PS I A 


TIME.  SEC 
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c.  Thrust  Chamber  Chilldown 
Fig.  19  Fuel  System  Chilldown,  Firing  06B 
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a.  Total  Flow  Rate  and  Mixture  Ratio 
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b.  Pump  Inlet  and  Combustion  Chamber  Pressures 
Fig.  20  Propellant  System  Performance,  Firing  06B 
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Fig.  21  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  07A 
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c.  Thrust  Chomber  Chilldown 
Fig.  22  Fuel  System  Chilldown,  Firing  07A 
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b.  Pump  Inlet  and  Combustion  Chamber  Pressures 
Fig.  23  Propellant  System  Performance,  Firing  07A 
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FJg.  24  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  07B 
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TEMPERATURE,  °F  TEMPERATURE,  °f  SUPERHEAT. 
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b.  Fuel  Injector  Temperature,  TFJ-2P 


c.  Thrust  Chamber  Chi  I  Idown 
Fig.  25  Fuel  System  Chilldown,  Firing  07B 
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AE  DC-TR-69-1 89 


-10  0  20  40  60  80  ll 

TIME,  SEC 

a.  Total  Flow  Rate  and  Mixture  Ratio 


TIME,  SEC 


b.  Pump  Inlet  and  Combustion  Chamber  Pressures 
Fig.  26  Propellant  System  Performance,  Firing  07B 
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CHfiMBER  PRESSURE,  PSIR 
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Fig.  27  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  07C 


68t-69-UX-0Q3V 


AEDC-TR-69-1 89 


TIME,  SEC 


a.  Fuel  Conditions  at  Injector,  °F  (Superheat) 


TIME,  SEC 


b.  Fuel  Injector  Temperature,  TFJ-2P 


c.  Thrusl  Chamber  Chilldown 
Fig.  28  Fuel  System  Chilldovtn,  Firing  07C 
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TOTAL  FLOW  RATE,  LB^/SEC 
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a.  Total  Flaw  Rate  and  Mixture  Ratio 


b.  Pump  Inlet  and  Combustion  Chamber  Pressures 
Fig.  29  Propellant  System  Performance,  Firing  07C 


FUEL  PUMP  INLET  PRESSURE,  PSIA  CALCULATED  FUEL  DENSITY  AT  THE  INJECTOR,  LBM/FT 
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FUEL  INJECTOR  FLOW  RATE,  LB^/SEC 

Fig.  30  Effect  of  Fuel  Injector  Flow  Roto  on  Fuel  Density  at  the  Injector 


OZERO  FUEL  BYPASS  FLOW 
•2-LBm/SEC  FUEL  BYPASS  FLOW 


NOTE:  PUMP  INLET  PRESSURES  WERE  ADJUSTED  BY 
THE  MEASURED  PUMP  INLET-TO-CHAMBER  AP 
TO  NORMALIZE  CHAMBER  PRESSURE  TO  A 
CONSTANT  18.5  PSIA. 


FUEL  INJECTOR  FLOW  RATE,  LB^/SEC 

Fig.  31  Effect  of  Fuel  Pump  Inlet  Pressure  on  Fuel  Injector  Flow  Rote 


TOTAL  OXIDIZER  FLOW  RATE,  LB^/SEC 

Fig.  32  Effect  of  Oxidizer  Pump  Inlet  Pressure  on  Oxidizer  Flow  Rate 
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TOTAL  STEADY-STATE  FUEL  FLOW  RATE,  LBM/SEC 


Fia.  33  Effect  of  Fuel  Flow  on  Time  Reauired  to  Attain  Steady-State.  Idle-Mode  Operation 


AEDC-TR-69-18S 


CHARACTERISTIC  VACUUM  SPECIFIC 

VELOCITY,  FT/SEC  IMPULSE,  SEC  VACUUM  THRUST.  LBp 
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o  07A  (ZERO  BYPASS  AND  FILM  COOLANT  FLOWS) 


a.  Nominal  Fuel  and  Oxidizer  Inlet  Pressures 
Fig.  34  Steady-State,  Idle-Mode  Performance 
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CHARACTERISTIC  VACUUM  SPECIFIC 

VELOCITY,  FT/SEC  IMPULSE,  SEC  VACUUM  THRUST,  LBp 
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o  TEST  07B  (ZERO  BYPASS  AND  FILM  COOLANT  FLOWS) 


4000 


3000 


TIME,  SEC 

b.  Low  Fuel-High  Oxidizer  Pump  Inlet  Pressures 
Fig.  34  Concluded 
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ENGINE  CUTOFF  SIGNAL 
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c.  Firing  06A 
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d.  Firing  06B 
Fig.  35  Continued 
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TABLE  I 

MAJOR  ENGINE  COMPONENTS 
(EFFECTIVE  TEST  J4-1902-05) 


Part  Name 

P/N 

S/N 

Thrust  Chamber  Body  Assembly 

99-210620 

4094439 

Thrust  Chamber  Injector  Assembly 

99-210610-71 

4087381 

Augmented  Spark  Igniter  Assembly 

EWR- 113811 -21 

4901310 

Ignition  Detector  Probe  1 

3243-2 

041 

Ignition  Detector  Probe  2 

3243-1 

003X 

Fuel  Turbopump  Assembly 

99-461500-31 

R004-1A 

Oxidizer  Turbopump  Assembly 

99-460430-21 

S003-0A 

Main  Fuel  Valve 

99-411320X3 

8900881 

Main  Oxidizer  Valve 

99-411225X4 

8900929 

Idle-Mode  Valve 

99-411385 

8900867 

Thrust  Chamber  Bypass  Valve 

99-411180 

8900806 

Hot  Gas  Tapoff  Valve 

99-557824-X2 

8900847 

Propellant  Utilization  Valve 

99-251455X5 

8900911 

Electrical  Control  Package 

99-503680 

4097867 

Engine  Instrumentation  Package 

99-704641 

4097437 

Pneumatic  Control  Package 

99-558330 

8900817 

Restart  Control  Assembly 

99-503680 

4097867 

Helium  Tank  Assembly 

NA5-260212-1 

0002 

Oxidizer  Flowmeter 

251216 

4096874 

Fuel  Flowmeter 

251225 

4096875 

Fuel  Inlet  Duct  Assembly 

409900-11 

6631788 

Oxidizer  Inlet  Duct  Assembly 

409899 

4052289 

Fuel  Pump  Discharge  Duct 

99-411082-7 

439 

Oxidizer  Pump  Discharge  Duct 

99-411082-5 

439 

Thrust  Chamber  Bypass  Duct 

99-411079 

417 

Fuel  Turbine  Exhaust  Bypass  Duct 

307879-11 

2143580 

Hot  Gas  Tapoff  Duct 

99-411080-51 

7239768 

Solid -Propellant  Turbine  Starters  Manifold 

99-210921-11 

7216433 

Heat  Exchanger  and  Oxidizer  Turbine  Exhaust  Duct 

307887 

2142922 

Crossover  Duct 

307879-11 

2143580 
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TABLE  II 

SUMMARY  OF  ENGINE  ORIFICES 


Orifice 

Name 

Part 

Number 

Diameter, 

in. 

Test 

Effective 

Comments 

Augmented  Spark 
Igniter  Fuel 

Supply  Line 

— 

Open 

J4- 1902-05 

— 

Augmented  Spark 
Igniter  -Oxidizer 

Supply  Line 

99-652050 

0.  0999 

J4- 1902-05 

— 

Film  Coolant  Flow 

99-411094 

0.  581 

J4-1902-05 

— 

— 

0.  198 

J4-1902-06 

EWR-1138 

EWR-121086 

■ 

—  “  “ 

Blank 

J4-1902-07 

EWR-113825-5 

EWR-121851 

Fuel  Bypass  Line 

— 

1.  000 

J4- 1902-05 

EWR-113813 

EWR-121064 

Oxidizer  Turbine 
Bypass  Nozzle 

99-210924 

1.996 

J4-1902-05 

— 

Propellant  Utilization 
Valve  Inlet 

XEOR-934826 

1.  250 

J4-1902-05 

— 

Film  Coolant  Venturi 

— 

1.027  Inlet 

0.  744  Throat 

J4-1902-05 

CD  =  0.97 

AEDC-TR-69-189 


TABLE  III 

ENGINE  MODIFICATIONS 
(BETWEEN  TESTS  J4-1902-04  AND  J4- 1902-07) 


Modification 

Number 

Completion 

Date 

Description  of 

Modification 

Test  J4-1902-04, 

1/10/69 

EWR  121064 

2/25/69 

Installation  of  New  Fuel  Bypass 

Line  Orifice  (1-.  000-in.  Diam) 

EWR  121076 

3/4/69 

Insulation  of  Augmented  Spark 
Igniter  Fuel  Line 

EWR  121058 

3/5/69 

Installation  of  Fuel  Bypass 

Valve  Remote  Control  System 

Test  J4-1902-05, 

3/6/69 

EWR  121086 

3/7/69 

Installation  of  New  Film  Coolant 
Orifice  (0.  198-in.  Diam) 

Test  J4-1902-06, 

3/13/69 

EWR  121851 

3/18/69 

Installation  of  Blank  Film 

Coolant  Orifice 

Test  J4-1902-07,  3/20/69 


TABLE  IV 

ENGINE  COMPONENT  REPLACEMENTS 
(BETWEEN  TESTS  J4-1902-Q4  AND  J4-1902-07) 


Replacement 

Completion 

Date 

Component 

Replaced 

Test J4-1902-04,  1/10/69 

Ignition  Detect  Probe  1 
P/N  3243-2 

S/N  041 

2/25/69 

P/N  500750 

S/N  7232994 

Test  J4- 1902-05, 

3/6/69 

None 

Test  J4-1902-06, 

3/13/69 

Ignition  Detect  Probe  1 
P/N  3243-1 

S/N  002 

3/14/69 

P/N  3243-2 

S/N  041 

Fuel  Bypass  Valve 

P/N  00-41 1 180-X1 

S/N  8900934 

3/17/69 

P/N  00-411180 

S/N  8900806 

Test  J4-1902-07,  3/20/69 
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TABLE  V 

ENGINE  PURGE  AND  COMPONENT  CONDITIONING  SEQUENCE 


05 


tb)Any  Time  facility  Walrr  On 
*c^30  min  belori:  Propellant  Drop 
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TABLE  VI 

SUMMARY  OF  TEST  REQUIREMENTS  AND  RESULTS 


Oi 

cn 


Firing  Number 

J4-  1902-Q.1A 

J 1-190?  UbB 

J4-I902-0RA 

j4-iuo2-onn 

J4-19U2  OVA 

J  4  1902  U7B 

J4-1902-07C 

Turgcl 

Actual 

Target 

Actuel 

Tuigul 

Aclual 

Target 

A  Lima 

Target 

Aituul 

Target 

Actual 

Target 

^Llual 

Firing  IMr/  Time  ftf  fifty 

3-0-60 

^.•'-^1415  hr 

i-n-co 

_-^-''lblS  hr 

3-13-69 

lir 

3-13-6!) 

2MI  hr 

3-20-80  /' 
/■'  12U6  hr 

3-20-  69 

1 335  hr 

3  20- b9 
_^^15*34  hr 

Pi UJHUl «  Altitude  as  1  n,  ft  (lief  If 

'  too.  000 

00, 000 

100,  ooo 

100,  soo 

100.  000 

04,000 

100.000 

102,  000 

100,000 

71.000 

100. 000 

100.000 

100.  0(X) 

100. 000 

Idle-Mode  Duiallon 

Pie-Mum  Slufle.  ttec* 

too 

oa.  i)4o 

too 

00  4|g 

1UU 

100.  2  tS 

100 

100  169 

too 

100  120 

100 

101  816 

... 

58  157 

Fuel  Pump  Inlet  Preaaure 
at  t(v  pula 

33  0  1  1  0 

12  2 

30  0  ±  1  0 

29  1 

11  0  1  1  0 

33.0 

aa  ui  1  0 

33  4 

77,01  1.0 

32.9 

97.01  1.0 

27  1 

33.  0  1  1  0 

33  2 

Fuel  Pump  Irlcl  Temperature 
nt  ty.  *F 

41/  H 

... 

-4ia  c 

•417.6 

... 

•  417.6 

... 

-417  R 

... 

410  0 

... 

-418  0 

Fuel  TiuiK  Bulk  Tempo  rat  ura 
“  '*  i 

-422  4  *  0  4 

-422. n 

-422  4  *  0.4 

■428  7 

422. 4  ±  0  4 

-422  1 

-422  4  1  a  4 

-422.  b 

422  4  10  4 

•4?2.  S 

-422  4  1  0  4 

-422  n 

-422  4  1  0.  4 

-421.7 

OvMIr.er  Pump  Inlet  Prmuura 
at  lu,  paia  1 

39.0  *  1  0 

19  4 

45  0  1  1.0 

44.9 

19  0  1  1  0 

39. 0 

39  Oil  0 

36  7 

30.  0  11.0 

39  1 

45.01  1.0 

44.8 

30.01  1  fl 

20.7 

OirWiiKi  Pump  Inlet  Temperature 
Rlty.  mV 

... 

-W2  1 

. 

-202  6 

... 

•291.2 

-291  3 

... 

-290  3 

... 

292.  4 

... 

-203  1 

Orlrttxer  Tank  Bulk  Tinupuxului  e 
at  Iq,  "K 

-291  0  *  0.4 

-300  4 

-205  0  ±  0.4 

•295  n 

-291  0104 

-294  6 

Job  0  19  4 

-294  7 

•295  0  10  4 

•291  1 

-295  01  0.4 

•204  6 

•295  0104 

-295  0 

Helium  Tank  1 

Cuiuliliunn 

“l0 

l'reaaure,  pain 

3291 

Ruiu  u  ilia 
from  A 

3047 

si6u  :”oo 

3067 

Remain* 
frum  A 

2783 

«B0  -Soo 

33  /b 

Rcmuinu 
from  A 

3800 

Remoina 
from  A 

2IMI9 

Temperature,  T 

... 

117 

■■ 

no 

... 

91 

... 

56 

... 

116 

... 

70 

71 

Mum  Fuel  Vulvu  lumparatura 
■it  tfll  T 

... 

71 

... 

as 

... 

Gn 

... 

88 

... 

en 

... 

bl) 

... 

47 

Augmented  Spark  Ignite  I  - 
Ignition  Dal  acted,  aer  lltef  ty)* 

... 

0  472 

... 

0  403 

-- 

0  482 

... 

0,  491 

... 

0  403 

... 

0  406 

... 

0  441 

Prepyllftilt  Utilization  Vulvu 

Pwution  at  t(j 

Null 

Null 

Null 

Null 

Null 

Null 

Null 

NuU 

Null 

Null 

NuU 

Null 

Null 

Null 

Total 

0  a 

7.5 

... 

10  7 

... 

0  2 

... 

n  7 

... 

5.4 

... 

8.0 

By pun u 

2  0 

... 

2  1 

... 

2  0 

... 

2  3 

... 

0 

... 

0 

... 

0 

1-uel  Flnw, 
Ibm/aix 

Injector 

— 

6  6 

— 

r.  7 

... 

10  2 

9  1 

... 

6  / 

... 

5  4 

9.0 

Film  (  onlant 

— 

1  0 

... 

o  n 

•* 

0  1 

-- 

0. 1 

... 

0 

... 

0 

0 

Thruat  Chamber 

--- 

fi  R 

- 

4  6 

... 

D  2 

... 

8  8 

... 

8.7  . 

... 

b.  4 

... 

8.9 

Giuiuar  Mow, 
lhrn /«"• 

Tulul 

... 

1&  6 

1G  1 

... 

15  0 

J 

14  / 

... 

14  0 

... 

16.9 

... 

0  8 

*DaiO  Reduced  from  Omilloftram 
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TABLE  VII 

ENGINE  VALVE  TIMINGS 


Test 

J4-1902- 

Firing 

Start 

Shutdown 

Main  Fuel  Valve 

Idle -Mode 

Oxidizer  Valve 

Main  Fuel  Valve 

Idle -Mode 

Oxidizer  Valve 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

see 

Valve 

Opening 

Time. 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

see 

Valve 

Opening 

Time, 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay. 

Time, 

sec 

Valve 

Closing 

Time, 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Closing 

Time, 

see 

05 

A 

0.  0 

0.  050 

0.  058 

0.0 

0.  117 

0.  045 

98.  549 

0.  069 

0.  260 

98.549 

0.  065 

0.  151 

B 

0.  0 

0.  051 

0.  060 

0.  0 

0.  125 

0.  046 

99.468 

0.  071 

0.  262 

99.468 

0.065 

0.  158 

Final 

Sequence 

0.0 

0.  049 

0.  072 

0.  0 

0.  122 

0.043 

!).  944 

0.  069 

0.  259 

9.  944 

0.  062 

0.  144 

06 

A 

0.0 

0.  051 

0.  055 

0.  0 

0.  117 

0.045 

100.  215 

0.  068 

0.  261 

100.  215 

0.  065 

0.  150 

B 

0.  0 

0.  050 

0.  062 

0.  0 

0.  125 

0.045 

100.  182 

0.  072 

0.  260 

100.  182 

0.065 

0.  155 

Final 

Sequence 

0.  0 

0.  050 

0.  070 

0.  0 

0.  121 

0.  048 

10.  740 

0.  069 

0.  260 

10.  740 

0.061 

0.  115 

07 

A 

0.  0 

0.  048 

0.  055 

0.  0 

0.  112 

0.  065 

100.  120 

0.  068 

0.  260 

100.  120 

0.  066 

0,145 

B 

0.  0 

0.  050 

0.  060 

0.  0 

0.  120 

0.  065 

101.  818 

0.070 

0.265 

101.  818 

0.  068 

0.  152 

C 

0.0 

0.  050 

0.  063 

0.  0 

0.  122 

0.  060 

56.  157 

0.  071 

0.264 

56.  157 

0.  067 

0.  155 

Final 

Sequence 

0.  0 

0.  047 

0.068 

0.0 

0.  117 

0.  045 

12.  457 

0.  070 

0.  257 

12.457 

0.  060 

0.  110 

Notes:  1.  All  valve  signal  times  are  referenced  to  to- 

2.  Valve  delay  time  is  the  time  required  for  initial  valve  movement  after  the  valve  open  or'closed  solenoid 
has  been  energized. 

3.  Final  sequence  check  is  conducted  without,  propellants  and  within  12  hr  before  testing. 

4.  Data  are  reduced  from  oscillogram. 
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TABLE  VIII 

ENGINE  IDLE-MODE  PERFORMANCE 


Test  Number,  J4-IU02- 

05A 

05D 

0I>A 

Time  Slice,  face* 

40 

50 

SO 

70 

80 

90 

90 

40 

50 

60 

70 

80 

90 

88 

40 

50 

60 

70 

80 

110 

89 

Fu*l  Pump  Inlet  Pressure,  psiu 

32.8 

32.6 

32.  b 

32.  G 

32.  7 

32.  7 

32.  7 

29.4 

28.  5 

29.  5 

2!)  b 

28.6 

28.6 

28.  7 

33.5 

33.  6 

33.6 

33.0 

33.6 

33.6 

33.7 

Oxidizer  Pump  Inlet  Pressure,  paxa 

3!)  b 

39.5 

39.4 

38.  4 

39  3 

38.  3 

39.  2 

43.6 

43.  4 

43.  1 

43.0 

42.7 

42.6 

42.  4 

38. !) 

38.  U 

38.  8 

38.8 

38.7 

30.  7 

30.  7 

Chamber  Pressure.  rc,  psia 

20.  2 

18.  8 

19.  5 

19.  3 

It).  1 

15).  1 

19.  3 

15.  1 

10.  B 

18.  0 

18.8 

18.6 

18.6 

IK.  G 

1C.  6 

18.  7 

18  4 

18.2 

18.0 

18.  8 

IB.  5 

Propellant  Mixture  Ratio,  O/F. 
dimensionless 

1  G 1 

l.  56 

1.49 

1.54 

1  57 

1.62 

1  73 

1.  55 

2.07 

2.  14 

2.  12 

2.  07 

2. 17 

2.  20 

2,01 

1.  b4 

1.48 

1.43 

1.  43 

1  4G 

1.  48 

Characteristic  VclucKy.  C*.  ft /sec 

3440 

3220 

3010 

2000 

2880 

2880 

2950 

2280 

3130 

3059 

3(140 

2980 

2900 

3010 

3250 

3120 

3050 

2HB0 

2820 

2770 

2780 

Characteristic  Velocity  Efficiency, 
Cpff.  percent 

45.0 

42.5 

40  O 

'»«.  0 

37  8 

37.0 

38.  4 

30.  1 

38.9 

38.8 

38.  R 

37.7 

37.8 

30.2 

41.5 

43.  4 

40.  6 

38.4 

_ 

37.6 

36.9 

3G.BI 

Vacuum-Corrected  Thrust, 

Fv«t*  lbr 

4130 

4060 

3‘IHO 

35)40 

3910 

3920 

3880 

3080 

D 

3880 

3880 

3850 

3860 

3H50 

3420 

4040 

3880 

B 

3870 

3830 

Vacuum  Corrected  Coefficient 
of  Thrust.  CKvari  dimensionless 

l.  /b 

1.  75 

1.74 

1.74 

1.  74 

1.  75 

1.75 

1.  74 

B 

1.77 

1.77 

1.76 

1.77 

1.76 

1.  75 

1.74 

B 

1.  74 

1.74 

m 

Vacuum-Corrected  Specific 

Impulse,  lbpvac,  lbf-Bcc/lb,,, 

18Y 

175 

103 

156 

158 

157 

161 

124 

B 

1G8 

I 

1G2 

183 

5 

178 

165 

152 

lbU 

■ 

Total  Oxidizer  Fluw  Hate,  WQ, 
lbin/sec 

13.  7 

14.  1 

14.8 

15  3 

15.  3 

15.5 

15.  b 

15.1 

15.  K 

m 

16,0 

16.  2 

16.  0 

12.  8 

off 

14.  U 

15.  1 

15.  1 

Total  Fuel  Flow  Rate,  Wf, 

lbm/scr 

8.30 

U.  05 

U  7B 

9.82 

8.75 

8.57 

8.  04 

8.  78 

7.41 

7.40 

7  46 

7.71 

7,4b 

7.  28 

8.  38 

8.  48 

9.85 

10.4 

10.5 

10.  3 

10.  2 

Idle -Mode  Fuel  Flow  Rate, 

(“r,w  IWse*- 

0  980 

1  06 

1.  14 

1.  lb 

1  14 

1  12 

1.08 

1.  14 

0.  087 

0  888 

0.873 

0.  802 

0.  873 

0.  851 

0.  748 

0.  UU2 

1.13 

1.22 

1.23 

1.21 

1.  19 

Idle-Mode  Mixture  Ratio, 

(0/F)m|l  ,  dimensionless 

M  0 

13.  3 

12  K 

13.2 

13  4 

13.  0 

14.7 

13.2 

1,8 

18.2 

18.  1 

17.  7 

18.  0 

18  8 

17.2 

14.0 

12.  7 

1?.  1 

12.  1 

m 

12.7 

Fuel  Injection  Density,  Pfin,, 
lbm/n« 

0.  24 

0.  31 

0.  35 

0.  42 

0.  3*1 

0.32 

0.  18 

0.  20 

0.  22 

0.23 

0.20 

0.  13 

0.  24 

0.34 

Cl.  41 

0.  43 

♦Data  averaged  for  +0.  .r»  see  at  the  i nr)  1  rated  times. 
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Table  Vlll  (Concluded) 


Test  Number,  J4-1902- 

08B 

07A 

07B 

_  •>!« 

Tune  Slice,  sec* 

m 

80 

E23 

mm 

eb 

El 

IS 

EE 

la 

m 

o 

Eg 

El 

Em 

m 

o 

ftrrn 

Fuel  Pump  Inlet  Pressure,  psia 

33.2 

BS0 

Biff 

33.  6 

ms 

figs 

Wits 

27.2 

27.  1 

27. 1 

27.0 

Rioyi 

33.3 

Oxidizer  Pump  Inlet  Pressuie,  psia 

38.8 

38.  K 

38.  0 

39.  7 

39.  9 

39.9 

39.9 

39.  8 

39.7 

EE 

44.3 

BQ 

44.  1 

44.0 

43.8 

43.6 

43.5 

29.  9 

30.4 

Chamber  Pressure.  P,..  pflla 

19.  9 

19  5 

El 

18.4 

H35 

12.  0 

14. H 

18.  8 

19  5 

18.  b 

S 

17.9 

18.2 

ESI 

17.  1 

16.0 

18.  3 

Propellant  Mixture  RaUu,  O/F, 
dimension  leas 

1.84 

1.52 

1.52 

1.4!) 

1.56 

1.  66 

l.bb 

2.34 

1.93 

1.  »)« 

1.78 

1.71 

3.  06 

2.78 

3.  12 

3.24 

2.81 

2.  93 

1.07 

1.10 

Characteristic  Velocity,  C1.  ft/scc 

35*10 

U20 

3050 

7940 

2870 

2460 

3100 

35G0 

3280 

3130 

2950 

2080 

2280 

3310 

3210 

3240 

3130 

2940 

2940 

3870 

3640 

Character  is  lie  Velocity  Efficiency, 
C£ff»  percent 

46.  3 

42.6 

40.  3 

39.  0 

37.  H 

37.  H 

36.  8 

31.  1 

38.8 

4b.  0 

42.  1 

40.  2 

30.3 

37.5 

28.5 

41.5 

40.  2 

40.  6 

39.2 

38.  8 

36.  8 

51.9 

51.2 

Vacuum- Corrected  Thrust, 

F*vac*  Ibf 

4080 

3980 

38G0 

3790 

3770 

3720 

30  t() 

2490 

3110 

3900 

4010 

3820 

3750 

3710 

2b  80 

3770 

3840 

3040 

3690 

3560 

-- 

Vacuum  Corrected  Coefficient 
of  Thrust,  CKVac.  dimensionless 

1.75 

1.74 

1.74 

1.74 

1.74 

1.75 

1.  /4 

1.  77 

1.80 

1.77 

1.  7G 

1.75 

1.75 

1  79 

1.  80 

1.79 

1.  01 

1.81 

B§ 

1.  80 

B 

... 

Vacuum -Corrected  Spec i Tic 

Impulse.  lspvac.  lbf-ser  /l<im 

192 

174 

165 

ISO 

155 

157 

152 

136 

1.  73 

198 

179 

n 

161 

157 

127 

186 

179 

102 

17G 

B  | 

164 

B 

... 

Total  Oxidiver  Flow  Rale.  W0, 
lbm/ser 

13.2 

14.  3 

14.0 

14.8 

14.  K 

12.9 

13.4 

Hp 

14.  8 

14  8 

14.9 

14.9 

lb.  0 

15.  3 

15.8 

1G.  0 

1G.2 

16.2 

18.  2 

9.2b 

9. 1)5 

Total  Fuel  Flow  Rate,  Wf. 
lbm/sec 

8.03 

9.  06 

9.  29 

9.55 

0.  4b 

8.87 

9.45 

5.48 

4.  58 

7.65 

7.55 

8.  40 

8.  73 

5.  37 

5.  00 

5.69 

5.  13 

4.98 

5.  74 

5.51 

8,  87 

!),  05 

ldle-Modo  Furl  Flow  Kate, 

0.939 

1.06 

1.00 

1.12 

).  11 

1.  04 

1.  10 

0.  G41 

0.536 

0.895 

0.  837 

0.083 

1.02 

0.828 

0.585 

0.  666 

0.G71 

0.  645 

1.01 

1.  06 

ldlc-Modo  Mixture  Ratio, 

(0/F)imo.  dimensionless 

14.  1 

12.9 

12.9 

12.8 

13.3 

9 

20.  1 

25.0 

iis 

18.  5 

3 

a 

14.6 

23.9 

26.2 

27  8 

24.  1 

25.  1 

9. 16 

9.  39 

Fuel  Injection  Density.  Pfjn,. 

lbm/n'l 

0.  23 

M 

0.  34 

0.41 

0.  42 

0.  08 

0.  06 

0.  12 

0.25 

m 

0.31 

0. 12 

0  12 

0.  17 

0.  14 

0.  13 

0.  17 

O.  18 

0.  32 

0-37 

♦  Data.  Averaged  fur  -*-0.5  sec  at  the  indicated  times 
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APPENDIX  III 
INSTRUMENTATION 


The  instrumentation  for  AEDC  tests  J4-1902-05  through  J4- 1902-07 
is  tabulated  in  Table  III  - 1 .  The  location  of  selected  major  engine  in¬ 
strumentation  is  shown  in  Fig.  Ill— 1. 
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TABLE  111-1 

INSTRUMENTATION  LIST  FOR  IDLE-MODE  OPERATION 


AEDC 

Code 

Parameter 

Tap 

No. 

Range 

Digital 

Data 

System 

Magnetic  Osclllo* 
Tope  ograph 

Strip 

Chart 

Event 

Recorder 

X-Y 

Plotter 

Current 

air.p 

ICC 

Control 

0  to  30 

X 

11c 

Ignition 

0  to  30 

X 

Even*. 

EASES -1  Augmented  Spark  Igniter 

Spark  1 

EAS1S-2  Augmented  Spark  Igniter 

Spark  2 

EECL  Engine  Cutoff  Lockm 

EECO  Engine  Cutoff  Signal 

EER  Engine  Ready  Signal 

EES  Engine  Start  Command 

EESCO  Programmed  Duration  Cutoff 

EFBVO  Fuel  Bleed  Valve  Open  Limit 

EFPVC  Fuel  Prevalve  Closed  Limit 

EFPVO  Fuel  Prevalve  Open  Limit 

EHCS  Helium  Control  Solenoid 

Energized 

EID  Ignition  Detected 

EIDA-L  Ignition  Detect  Amplifier  1 

E1DA-2  Ignition  Detect  Amplifier  2 

EIMCS  Idle -Mode  Control  Solenoid 

Energized 

EIMVC  Idle -Mode  Valve  Closed  Limit 

E1MVO  Idle -Mode  Valve  Open  Limit 

JCMFVC  Mam  Fuel  Valve  Closed  Limit 

EMFVO  Main  Fuel  Valve  Open  Limit 

EOBVO  Oxicizer  Bleed  Valve  Open  Limit 

EOCO  Observer  Cuioff  Signal 

EOPVC  Oxidizer  Prevalve  Closed  Limit 

EOPVO  Oxidizer  Prevalve  Open  Limit 

ERASIS-1  Augmented  Spark  Igniter 

Spark  Rate  i 

ERA  SIS  -  2  Augmented  Spark  Igniter 

Spark  Rate  2 

ESTCO  Start  (OK)  Timer  Cutoff  Signal 

ETCBC  Thrust  Chamber  Bypass  Va.ve 

Closed 

ETCBO  Thrust  Chamber  Bypass  Valve 

Open 

EVSC-1  Vibration  Safety  Counts  1 

EVSC-2  Vibration  Safety  Counts  2 

BVSC-3  Vibration  Safety  Counts  3 


Flows 

BP™ 

QF-1 

Engine  Fuel 

PPF 

0  to  11,  000 

X 

QF-2 

Engine  Fuel 

PFTa 

0  to  11,  CD0 

X 

X 

X 

QF-3 

Engine  Fuel 

PFF 

0  to  il.OOO 

X 

QFBD 

Fuel  Bypass  Duct 

0  to  500 

X 

X 

X 

QO-1 

Engine  Oxidizer 

POF 

G  to  3500 

X 

QO-2 

Engine  Oxidizer 

POFa 

Oto  3600 

X 

X 

X 

QO-3 

Engine  Oxidizer 

POF 

0  to  3600 

X 
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TABLE  IIM  (Continued) 


AEDC 

Coce 

Parameter 

Tap 

No. 

Range 

Digital 

Data 

Svstem 

Magnetic 

Tape 

Oscillo¬ 

graph 

Strip 

Chart 

Event 

Recorder 

X-Y 

Plotter 

FSP-1 

Forces 

Side  Load  (Pitch) 

iSL 

±20,  OG3 

X 

X 

FSY-1 

Side  Load  (Yaw) 

±20, 000 

Position 

Percent 

Open 

LFBT 

Thrust  Chamber  Bypass  Valve 

0  to  100 

LFVT 

Main  Fuel  Valve 

0  to  100 

LIMT 

I die -Mode /Augmented  Spark 
Igniter  Oxidizer  Valve 

0  to  100 

LOVT 

Main  Oxidizer  Valve 

0  io  100 

LPUTOP 

Propellant  Utilization  Valve 

5  v 

LTVT 

Hot  Gas  Tapoff  Valve 

0  to  100 

Pressure 

psla 

PA- 1 

Test  Cell 

0  to  0.5 

PA-2 

Teat  Cell 

0  to  1.0 

PA-3 

Test  Cell 

0  to  5.  0 

X 

PC-1P 

Thrust  Chamber 

CGI 

0  to  1500 

PC-2P 

Thrust  Chamber 

CGla-2 

0  to  1500 

X 

PC-2PL 

Thrust  Chamber 

CGla-l 

0  to  50 

X 

PCASt-L 

Augmented  Spark  Igniter 

Chamber 

IGl 

0  to  50 

X 

PCW-1 

Thrust  Chamber  Wall 

0  to  1 

PC  W  -  2 

Thrust  Chamber  Wall 

Oto  1 

PCW-3 

Thrust  Chamber  Wall 

0  to  I 

PCW-4 

Thrust  Chamber  Wall 

0  to  1 

PCW -5 

Thrust  Chamber  Wall 

0  to  1 

PFBM 

Thrust  Chamber  Bypass 

Manifold 

CF3 

0  to  1300 

•PFCO-L 

Film  Coolant  Orifice 

CF4 

C  10  53 

PFCV1 

Film  Coola  it  Venturi  Inlet 

CF7 

0  to  2000 

PFCVI-L 

Film  Coo.ant  Venturi  Inlet 

CF7 

0  to  50 

PFCVT 

Film  Coolant  Venturi  Throat 

CF6 

0  to  2000 

PFCVT-L 

Film  Coolant  Venturi  Throat 

CF6 

0  to  50 

PFJ-l 

Fuel  Injection 

CF2 

0  to  1500 

X 

PFJ-1L 

Fuel  Injection 

CF2 

0  to  50 

PFM1 

Fuet  Jacket  Manifold  Inlet 

CF1 

0  to  2000 

PFMZ-L 

Fuel  Jacket  Manifold  Inlet 

CFl 

0  to  50 

PFPBC 

Fuel  Pump  Balanee  Piston  Cavity 

PF5 

0  to  2000 

PFPBS 

Fuel  Pump  Balance  Piston  Sump 

PF4 

0  to  1000 

PFPD-1L 

Fuel  Pump  Discharge 

PF3 

0  to  50 

PFPD-1P 

Fuel  Pump  Discharge 

PF3 

0  to  2500 

PFPD-2 

Fuel  Pjmp  Discharge 

PF2 

0  to  3000 

X 

X 

PFP1-1 

Fuel  Pump  Inlet 

PF1 

0  to  100 

PFP1-2 

Fuel  Pump  Inlet 

0  to  100 

PFPI-3 

Fuet  Pump  Inlet 

PFla 

0  to  100 

X 

X 

PFPRB 

Fuel  Pump  Rear  Bearing  Coolant 

PF7 

0  to  1000 

PFPS 

Fuel  Pump  Interstage 

PF3 

0  to  1000 

X 

PFPSI 

Fuel  Pump  Shroud  Inlet 

0  to  2500 

PFTI-1P 

Fuel  Turbine  Inlet 

TGI 

0  to  1000 

PFTO 

Fuel  Turbine  Outlet 

TG2 

0  to  200 
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TABLE  lll-l  (Continued) 


AEDC 

Tap 

Code 

Parameter 

No. 

Pressure 

PFTSC 

Fue.  Turbine  Seal  Cavity 

TG 10 

PFUT 

Fuel  Ullage  Tank 

PHEA 

Helium  Accumulator 

NN3 

PHES 

Helium  Supply 

PHET-IP 

Helium  Tank 

NKI-1 

PHET-2P 

Helium  Tank 

NN1-3 

PHRO-IP 

Helium  Regulator  Outlet 

NN2 

PNODP 

Oxidizer  Dome  Purge  ai 

Customer  Connect  Panel 

POASIJ 

Augmented  Spsrx  Igniter 

Oxidizer  Injectton 

103 

POASIJ-L 

Augmented  Spark  Igniter 

Oxidizer  Injection 

103 

POIML 

Oxidizer  Idle-Mode  Line 

P0I0 

PCX  ML-L 

Oxictzer  Idle-Mode  Line 

P01O 

FOJ-1 

Oxlcizcr  Injection 

C03 

FOJ-2 

Oxidizer  Injection 

C03a 

POPBC 

Oxidizer  Pump  Bearing  Coolam 

P07 

POPD-1L 

Oxidizer  Pump  Discharge 

P03 

POPD-1P 

Oxidizer  Pump  Discharge 

P03 

POPD-2 

Oxidizer  Pump  Discharge 

P02 

POPI-1 

Oxidizer  Pump  inlet 

P01 

POPI-2 

Oxidizer  Purr.p  Inlet 

POPI-3 

Oxidizer  Pump  Inlet 

POla 

POPSC 

Oxidizer  Pump  Primary  Sesl 
Cavity 

P05 

POT1-1P 

Oxidizer  Turbine  Inlet 

TG3 

POTO-IP 

Oxidizer  Turbine  Outlet 

TG4 

POUT 

Oxidizer  Ullage  Tans 

PPTD 

Photocon  Cooling  Water 
(Downstream) 

PPTU 

Pnotocon  Cooling  Water 
(Upstream) 

PPUVI 

Propellant  Utilization  Valve  Inlet 

P08 

PPUVO 

Propellant  U:ilizauon  Valve  Outlet 

P09 

PTCFJP 

Thrust  Chamber  Fuel  Jacket 

Purge 

PTEM 

Turoine  Exhaust  Marifo.d 

TG5 

PTM 

Tapoff  Manifold 

GG2b 

PTM-3 

Tapoff  Maclfolc 

GG2a 

PTM-L 

Tapoff  Manifold 

Speeds 

GG2b 

NFP-1 

Fuel  Pump 

PFV 

NFP-2 

Fuel  Pump 

PFV 

NFP-3 

Fuel  Pump 

PFV 

NOP- 1 

Oxidizer  Pump 

POV 

NOP- 2 

Oxidizer  Pump 

POV 

NOP- 3 

Oxidizer  Pump 

POV 

Digital 

Data  Magnetic  Oscillo-  Strip  Event 
Range  System  Tape  graph  Chart  Recorder 

paia 

0  to  500  x 

0  to  100 
0  to  750 
0  to  6000 
0  to  5000 
0  to  5000 
0  to  750 
0  to  750 

0  ;o  1500  x 

0  to  50 

0  to  2000 
0  to  50 
0  to  1500 

0  to  2000  x 

0  to  500 
0  to  50 
0  to  2500 

0 10  3000  x  X 

0  to  100 
0  to  100 

Oto  100  x  x 

0  to  50 

0  to  200 
0  to  100 
0  to  100 
0  to  100 

0  '.c  100 

o  :o  2000 
C  -.0  1000 
0  to  200 


0  to  50 
Oto  1500 


0  to  500 

X  X 

0  10  200 

X 

rpm 

0  ;o  33,  000 

X 

0  to  33,  000  : 

K  X 

0  to  i3,  300 

X 

0  to  12,000 

X 

0  to  12,000 

X  X 

0  to  12,  300 

X 

X-Y 

Plotter 


x 


x 

X 
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TABLE  111-1  (Continued) 


AEDC 

Code 

Parameter 

Tap 

No. 

Range 

Digital 

Data 

System 

Temperatures 

11 

TA-I 

Test  Cell  North 

-50  to  800 

X 

TA-2 

Test  Cell  East 

-50  to  800 

TA-3 

Teat  Cell  South 

-50  to  800 

TA-4 

Test  Ceil  West 

-50  to  800 

TECP-lP 

Elcctrieal  Control  Assembly 

NSTla 

-300  to  200 

TFASIJ 

Augmented  Spsrk  Igniter 

Fuel  Injection 

IFT2 

-425  to  100 

TFBM 

Fuel  Bypass  Macifolc 

-425  to  LOO 

TFCO 

Film  Coolant  Orifice 

1FT1 

-425  to  -375 

TFD-*Avg 

Fire  Detection  Average 

0  to  1000 

TFDFTA 

Fire  Dctecl  Fuel  Turbine 

Manifold  Area 

0  to  500 

TFDMFVA 

Fire  Detect  Mam  Fuel  Valve  Area 

0  to  500 

TFDMOVA 

Fire  Detect  Mam  Oxidizer  Valve 
Area 

0  to  500 

TFDODA 

Fire  Detect  Oxidizer  Dome  Area 

0  to  500 

TFDTDA 

Fire  Detect  Tapoff  Duet  Area 

0  to  500 

TFJ-1P 

Fuel  Injection 

CFT2 

-425  to  -390 

TFJ-2P 

Fuel  Injection 

CFT2a 

-425  to  100 

TFPBS 

Fuel  Pump  Balance  Plalon  Sump 

PFT4 

-425  to  -375 

TFPD-1P 

Fuel  Pump  Discharge 

PFT 1 

•425  to  -390 

TFPD-2P 

Fuel  Pump  Discharge 

PFT1 

-425  to  100 

TFP1-1 

Fuel  Pump  Inlet 

KFT2 

-425  to  -400 

TFP1-2 

Fuel  Pump  Inlet 

KFT2a 

-425  to  LOO 

TFPRS-1 

Fuel  Pump  Rear  Support 

-400  to  1800 

TFPRS-2 

Fuel  Pimp  Rear  Support 

-400  to  1800 

TFPRS-3 

Fuel  Pump  Rear  Support 

-400  to  1800 

TFRT- 1 

Fuel  Run  Tank 

-425  :o  -400 

TFRT-3 

Fuel  Run  Tank 

-425  ;o  -400 

TFTI-3 

Fuel  Turbine  inlet 

TGT1 

-300  to  2400 

TFT1-4 

Fuel  Turbine  Inlet 

GGT2 
and  GG2 

-30C  :o  2000 

THESL 

Helium  Tank  Supply  Line 

0  to  150 

THST-1P 

Helium  Tank 

NNT1 

-200  to  150 

THETS-1  * 

Helium  Tank  Surface 

0  to  500 

THETS-2 

Helium  Tank  Surface 

0  to  50C 

TMFVS-1 

Main  Fuel  Valve  Skin  (Outer 

Wall) 

-425  to  100 

TMFV5-2 

Main  Fuel  Valve  Skin  (Inner 

Wall) 

-425  to  100 

TNODP 

Oxidizer  Dome  Purge  at 

Customer  Connect  Panel 

-250  to  200 

TOIML 

Oxidizer  Idle-Mode  Line 

POT5 

-3  00*  to  100 

TOJ 

Oxlclzer  Injection 

C0T1 

-300  lo  1200 

TOBSC 

Oxidizer  Pump  Bearing  Coolant 

POT  4 

-300  to  -250 

TOPD-iP 

Oxidizer  Puzr.p  Discharge 

POT  3 

-300  to  -250 

TOPD-2P 

Oxicizer  Pump  Discharge 

POT  3 

-300  to  100 

TOPI-1 

Oxidizer  Pump  Inlet 

KOT2 

-310  to  -250 

TOPI- 2 

Oxidizer  Pump  Inlet 

KOT2a 

-310  to  100 

TORT-1 

Oxidizer  Run  Tank 

-300  to  -285 

TORT -3 

Oxicizer  Run  Tank 

-300  to  -285 

TOTI-IP 

Oxidizer  Turbine  inlet 

TGT3 

0  to  1200 

Magnetic  Oac.il1*'- 
Tape  graph 


x 


x 


X 


X 


Si  rip  Event  X-Y 
Chart  Recorder  Plotter 


x 


x 


x 


x 


x 


x 
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TABLE  IIM  (Concluded) 


AEDC 

Tap 

Code 

Parameter 

No. 

Range 

Temperatures 

■F 

TOTM-I 

Oxidizer  Turbine  Manifold 

-300  to  1000 

TOTM-2 

Oxidizer  Turbine  Manifold 

-3C0  to  1000 

TOTO-lP 

Oxidizer  Turbine  Outlet 

TGT4 

0  to  1000 

TPTU 

Photocon  Cooling  Water 
(Upstream) 

0  to  300 

TTCIS-1 

Thrust  Chamber  Internal  Skin 

-425  to  100 

TTCIS-2 

Thruat  Chamber  Internal  Skin 

-425  to  100 

TTdS-3 

Thrust  Chamber  Internal  Skin 

-425  to  100 

Ttcp 

Thrust  Chamber  Purge 

-250  to  200 

TTCT-E1 

Thrust  Chamber  Tuoe  (Exii) 

•425  to  500 

TTCT-E2 

Thrust  Chamber  Tube  (Exit) 

-425  to  500 

TTCT-T1 

Thruat  Chamber  Tube  (Throat) 

-425  to  500 

TTCT-T2 

Thrust  Chamber  Tube  (Throat) 

•425  to  500 

Vibrations 

g’s.  peak 

UFPR 

Fuel  Pump  Radial 

PZA-1 

450 

UFTR 

Fuel  Turbine  RadLal 

VI 2a- 2 

450 

UOPR 

Oxidizer  Pump  Radial 

PZA-2 

300 

UTCD-1 

Thrust  Chamber  Dome 

FZA-la 

100 

UTCD-2 

Thrust  Chamber  Dome 

FZA-2 

100 

UTCD-3 

Thrust  Chamber  Dome 

FZA-3 

100 

UTCT-1 

Thrust  Chamber  Throat 

300 

ITTCT-2 

Thrust  Chamber  Throat 

300 

Voltage 

VCB 

Control  Bus 

0  to  36 

VI B 

Ignition  Bus 

0  to  36 

VIDA  - 1 

Ignition  Detect  Amplifier 

9  to  16 

VIDA -2 

Ignition  Detect  Amplifier 

9  to  16 

VPUVEP 

Propellant  Utilization  Valve 
Telemetry  Potentiometer 
Excitation 

Oto  5 

Digital 

Data  Magnetic  Oselllo-  Strip  Event 

System  Tape  graph  Chart  Recorder 


x 


I 


X 


X 


\ 


X 

X 


X 


•Effective  J  4- 1902-08 


X-Y 

Plotter 
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■AREA  FIRE  DETECTION  THERMOCOUPLES 

TFDMOVA— i 


TFDODA 


HCUUM  TANK 
FUEL  TURBOPUMP 


SOLID -PROPELLANT 
TURBINE  STARTER  — 


TPIP-IP- 

TFDFTA- 


FLIGHT 

.  .  N ST RU MENTATION  ^ 

TFDTDA  p*ck»ge  — 


TECP-IP 

(NST-l  a  ) 

TFDMFVA 


PFMI 
PFMI-L- 

(CFl )  FUCL 


TTCT-E 

TTCT-E2 


a.  General  Arrangement 
Fig.  ill-1  Selected  Sensor  Locations 
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UFPR 

(PZA1 ) 

QF-I&3 

(PFF) 


PFPD-IP 

PFPDiL 

(PF3 ) 


QF-2 

(PFFa) 


TFPD-2P- 

(PFtn 


UFTR 

(TZA) 


QFBD 


-TMFVS-2 

-TMFVS-I 

LFVT 


c.  Fuel  System  Sensor  Locations 
Fig.  111*1  Continued 
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-J 

00 


PPUVO 

(P09) 

PPUVI 

(P08) 


IM0P-12&3 

(POV) 


POPBC 

(PQ7 ) 


POPD-2 

( P02  ) 

TOPBC 

(POM) 


P0P5C 

(PQ6) 


d.  Oxidizer  Turbopump  Sensor  Locations 
Fig.  111*1  Continued 
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CD 
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e.  Oxidizer  System  Sensor  Locations 
Fig.  Ill-l  Continued 


PFTO 


k.  Thrust  Chamber  Instrumentation 
Fig.  Ill-l  Continued 
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PFCVI  — 
PFCVI-L' 

(CF7) 


I. 


PFCVT 

PFCVT-L 

(CFS) 


TFASIJ- 

(IFT2) 


TFCO- 

(IFT1) 


I  Fuel  Li  ne  Assembly  Instrumentation 
Continued 
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m.  Fuel  Turbine  Sensor  Locations 

Fig.  Ill-l  Continued 
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n.  Oxidizer  Turbine  Sensor  Locations 
Fig.  Ill-l  Continued 
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View  Looking 
Downstream 

Thrust  Chamber  Exit 


Side  Load  Forces  Sensor  Locations 
Fig.  111*1  Continued 
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q.  Test  Cell  Ambient  Temperature  Sensor  Locations 
Fig.  111*1  Continued 
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r.  S-IVB  Battleship  Sensor  Location 
Fig.  II 1-1  Concluded 
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APPENDIX  IV 

METHODS  OF  CALCULATIONS 

NOMENCLATURE 


A  Area,  in. 2 

CF  Coefficient  of  thrust 

C*  Characteristic  velocity,  ft /sec 

F  Thrust,  lbf 

I  Impulse,  sec 

O  Oxidizer 

P  Pressure,  psia 

W  Flow  rate,  lbm/sec 

p  Density,  lbm/ft3 


SUBSCRIPTS 

a  Ambient 

c  Chamber 

e  Exit 

eff  Efficiency 

f  Fuel 

fc  Film  coolant 

imc  Idle -mode  compartment 

inj  Injector 

ns  Nozzle  static 

o  Oxidizer 

sp  Specific 

t  Total 

vac  Vacuum 

SUPERSCRIPTS 

*  Throat 
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CALCULATIONS 


I.  IDLE-MODE  PERFORMANCE 

A.  THEORETICAL  (IDEAL) 

Calculations  of  theoretical  rocket  performance  for  chemical 
composition  during  an  isentropic  expansion  were  made  by 
iterative  computations  using  the  method  of  calculations  pre¬ 
sented  in  Refs.  6  and  7.  Computations  were  based  on  an 
enthalpy-entropy  analysis,  and  program  inputs  were  (1)  re¬ 
actants,  (2)  enthalpy  of  reactants,  (3)  stagnation  pressure, 

(4)  stagnation-to -static  pressure  ratio,  and  (5)  nozzle  exit  area 
ratio.  Enthalpy  of  reactants  was  obtained  from  Refs.  8  and  9 
for  hydrogen  and  oxygen,  respectively. 

B.  ACTUAL 


Flow  Rates 

1.  Total  Propellant  Flow  Rate 

Wt  =  Wf  ,  W0 

2.  Injector  Flow  Rate 

Winj  =  Wf  -  Wfc 


3.  Idle -Mode  Compartment  Fuel  Flow  Rate 


(Wf)  jtnc 


(Af)imc 
(A  f)  in  j 


Mixture  Ratio 


1. 


Total  Propellant  Mixture  Ratio 


0/F  =  -i- 

Wf 


2.  Idle-Mode  Compartment  Mixture  Ratio 


O/Fi 


o 


iir.  c 


Thrust 

1.  Thrust  at  Pns  =  Pa 

F vac  =  Pc  A*  (CF)  ideal 
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2.  Vacuum  Thrust 

Fvac  =  Pc  A*  (CF vac)  ideal 

where 

(CF vac)  ideal  =  (CF)  ideal  +  ^ 

and 

(CF)ideai  =  F^-,  Pc,^l)  (from  Refs.  5  and  6) 


Vacuum  Specific  Impulse 


^sp)  vac 

Characteristic  Velocity 


w. 


C*  = 


PcA*g 

W, 


Characteristic  Velocity  Efficiency 

r  * 

C%ff  = 


C*  ideal 


II.  PROPELLANT  FLOW  RATES 

Propellant  flow  rates  are  based  on  engine  flowmeter  constants 
supplied  by  the  engine  manufacturer:  5.  50  and  2.  00  Hz  per  gal  for 
the  oxidizer  and  fuel  flowmeters,  respectively.  Propellant  proper¬ 
ties  for  conversion  of  volumetric  to  weight  flow  was  obtained  from 
Refs.  8  and  9  for  hydrogen  and  oxygen,  respectively. 

III.  FUEL  INJECTION  DENSITY 


Fuel  injection  density  was  estimated  using  the  following  equa¬ 
tion  supplied  by  the  engine  manufacturer: 


where 


K[(Wf)jnj]2 
IP  in j  -  Pc) 


K  =  0.01106 
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IV.  FUEL  FILM  COOLANT  FLOW 

Fuel  film  coolant  flow  was  estimated  by  using  the  standard 
Venturi  flow  equation 

W  =  Cd  Av^2g(l44)  APp 

and 

Cd  =  0.97  ■»  supplied  by  ;  ) 

A  =  5.75  x  10-3  ft2  /  eng*ne  manufacturer 

thus, 

W-  =  0.311v'pAP  lbm/sec 

where  \  ■ 

AP  =  PFCVI  -  PFCVT 
P  =  p  (PFJ,  TFJ) 
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